Mycoplasma hyopneumoniae is the major pathogenic microorganism causing 25 enzootic pneumonia in pigs. With increasing resistance of M. hyopneumoniae to 26 conventional antibiotics, treatment is becoming complicated. Herein, we investigated 27 the mutant selection window (MSW) of doxycycline, tylosin, danofloxacin, tiamulin, 28 and valnemulin for treating M. hyopneumoniae strain (ATCC 25934) to determine the 29 likelihood of promoting resistance with continued use of these antibiotics. Minimum 30 inhibitory concentration (MIC) values against M. hyopneumoniae were determined for 31 each antimicrobial agent and ranged from 10 5 colony-forming units (CFU)/mL to 10 9 32 CFU/mL based on microdilution broth and agar dilution methods. The minimal 33 concentration inhibiting colony formation by 99% (MIC 99 ) and the mutant prevention 34 concentration (MPC) were determined by the agar dilution method with three 35 inoculum sizes. Antimicrobial killing was determined based on MIC 99 and MPC 36 values for all five agents. MIC values ranged from 0.001 to 0.25 μg/mL based on the 37 microdilution broth method, and from 0.008 to 1.0 μg/mL based on the agar dilution 38 method. MPC values ranged from 0.0016 to 10.24 μg/mL. MPC/MIC 99 values were 39 ordered tylosin >doxycycline >danofloxacin >tiamulin >valnemulin. MPC 40 achieved better bactericidal action than MIC 99 . Based on pharmacodynamic analyses, 41 danofloxacin, tylosin, and doxycycline are more likely to select resistant mutants than 42 tiamulin and valnemulin. 43
Introduction

47
Mycoplasma hyopneumoniae is the primary pathogen causing enzootic 48 pneumonia, an important chronic respiratory disease in pigs resulting in high 49 morbidity, low feed conversion rate, and considerable economic losses in the respectively. The MPC is the minimum concentration that inhibits colony formation 68 of the least antibacterial drug-susceptible mutant subpopulation. Therefore, when 69 antimicrobial concentrations fall within the range of the MSW, this tends to lead to 70 the enrichment of drug-resistant bacteria. Keeping drug concentrations above the 71 MPC is likely to restrict the emergence of resistance 
Determination of minimum inhibitory concentration (MIC)
100 MIC values were determined as described previously [15]. Briefly, MIC values 101 were calculated for 10 5 , 10 6 , and 10 7 CFU/mL M. hyopneumoniae cultures in the 102 exponential phase. A 100 μL sample of exponential phase culture was added to an 103 equal volume of drug-containing medium culture in a 96-well plate. A growth control 104 (inoculum without antimicrobials), sterility control (sterile broth at pH 7.8), and 105 end-point control (blank medium at pH 6.8) were included. Plates were cultured at 106 37C with 5% CO 2 in an incubator after being sealed. When the color of the growth 107 control was the same as the end-point control, the MIC was determined as the 108 minimal concentration of antibacterial agent that resulted in no color change. [16]. A 10 μL sample of M. hyopneumoniae culture (10 5 10 7 CFU) was placed on the 112 surface of a plate in which wells contained 1.2520 μg/mL danofloxacin, 232 μg/mL 113 tiamulin, 464 μg/mL tylosin, 580 μg/mL doxycycline, or 0.162.56 μg/mL for 114 two-fold agar dilution analysis. All plates were incubated for at least 8 days. 115 Meanwhile, growth control plates without antimicrobials were set up for each test, 116 and all experiments were repeated three times. The lowest concentration without M. 150 In vitro time-killing assays were performed as described previously [20]. Briefly, 151 MIC 99 and MPC values for all five agents were tested. After adding 3.5 mL blank 152 medium and 0.1 mL drug solution (40 times the target concentration) to each 153 penicillin bottle, 0.4 mL exponential M. hyopneumoniae suspension with an inoculum 154 size between 10 5 CFU/mL and 10 9 CFU/mL was added. Cultures were incubated at 8 155 37C with 5% CO 2 for 48 h. Aliquots of 100 μL were collected from each culture at 0, 156 3, 6, 9, 12, 24, 36, and 48 h. The viable cell number was determined via 10-fold serial 157 dilutions and plating 10 μL of each diluted culture on drug-free agar. Growth controls 158 (M. hyopneumoniae cultures without drugs) and sterility controls (5 mL medium at 159 pH 7.8) were also included. Plates were incubated for at least 8 days at 37C with 5% 160 CO 2 in a humidified incubator. Each test was repeated three times. Table 2 and Table 3 Figure 2) . 193 At a greater inoculum size (10 7 CFU/mL), danofloxacin, tiamulin, tylosin and 194 valnemulin were bactericidal at the MIC 99 while doxycycline was bacteriostatic only. 195 Colony count reductions recorded at the 48h time point were 5.15 log 10 CFU/mL for 196 danofloxacin, 5.09 log 10 CFU/mL for valnemulin, 3.51 log 10 CFU/mL for tiamulin, 197 4.13 log 10 CFU/mL for tylosin, and 1.16 log 10 CFU/mL for doxycycline. All five 198 compounds achieved bactericidal activity against 10 7 CFU/mL M. hyopneumoniae 10 199 with MPC dosage (Figure 3) . 200 Danofloxacin and valnemulin both achieved bactericidal activity against 10 9 201 CFU/mL of M. hyopneumoniae cells at the MIC 99 concentrations while the other three 202 were bacteriostatic only. Colony count reductions recorded at 48 h were danofloxacin 203 5.61 log 10 CFU/mL, valnemulin 4.81 log 10 CFU/mL, tiamulin 2.23 log 10 CFU/mL, 204 tylosin 2.39 log 10 CFU/mL and doxycycline 2.43 log 10 CFU/mL. All compounds 205 achieved bactericidal activity against 10 9 CFU/mL of M. hyopneumoniae at the MPC 206 concentrations. Overall, the rank order of antibacterial agents for colony count 207 reduction was danofloxacin >valnemulin >tylosin >tiamulin >doxycycline (Figure 4) . with an inoculum of 10 9 CFU/mL. M. hyopneumoniae cultures at cell densities of 10 5 , 10 7 , and 10 9 CFU/mL were 444 exposed to agents at MIC 99 dosage, and colonies were counted on drug-free plates. M. hyopneumoniae cultures at cell densities of 10 5 , 10 7 , and 10 9 CFU/mL were 451 exposed to agents at MIC 99 dosage, and colonies were counted on drug-free plates. 452 Log 10 CFU/mL reductions in M. hyopneumoniae count from 24 to 48 h are expressed 453 as positive values, and data are presented as means of triplicate experiments. 454 
Time-kill tests
Determination of MIC 99 , MPC, and selection index (SI
